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mm*] mmm 

[if ^9U] 

MSB^-h^mii, #M 0 1r©CeO 2 , PrO r C a Og , T b C> 2 , P 

r0 2 , Dy 2 0 3 , Er 2 Oj, Eu 2 Oj , Gd 2 Og , H o 2 Og , In 

2 Og , L a 2 Og , Lu 2 Og , NdgOg, P r 2 Og , S m 2 Og , Tb 

2 Og , T I 2 Og , Tm 2 Og , Y 2 Og , Yb 2 Og (Dffitlfr&ZZ. £ 

lfB^©¥#tfM&go 
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m i v>tf- hmm±fcM&z nt^^^c e o 2 ©mi h»mi:> 
ceo 2 <Dm2(D¥-hmmmt. 

[0 0 0 1 ] 
[0 0 0 2] 

[fie*©&ffi] 

S i -MO S F E T <Dl&&Mit<Dft&<D — 'D'V&>&M3'&Wl8ltcfi!±Z 

tisfe*, ®mm<D\%±i)m&x*gz>. =a#»tcH\ s i ««±(c s i * »; 

^j£»©:*#fc#**fr&fc.53Mi«, Mi«GeiI2O%0SiGeIIl ( 
J^T> #(CS i G ejffcffi-r) &J£fftU I(DS i G ef±{CS 

[0 0 0 3] 

$6^£*lTV>£ (J.Welser, J.L.Hoyl .S.Tagkagi , and J. F. Gibbons, IEDM 94-37 
3) . 

[0 0 0 4] 
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ZftZffi&tZfctb. SOI (Silicon On Insulator) ^±lC±fB¥#tt?- ^ 
[0 0 0 5] 

»lfl:0-^5:I^MOSFETtlt '&%;<DWlim/ S i «^T-y- 

h$eam/^^^;i/ii$:^t- ^^itT«, fe<fe^2 o i o^i^c^iffl^ps^ 

(CM^-rer £#M£*lT^3 (ITRS Roadmap 2000) „ 'JV^7 
— *o tit, |§:nmJ:U : fe;^J?^»<^'5>fe^{C^C h > U - ? *»<iif 

[0 0 0 6] 

TRS0D - K^yytf^T-fe-S^t^gBCIlT 1 -* t LT^£ftTVN3 (M. 
Hirose et al., Semicond. Sci. Technol. 15,485(2000)) 0 {^ot, ^&<DM 

r=. a 

[0 0 0 7] 

mm&m®: l <t e> t -r z %m ] 

i a«± tc WM* -v * 3 ft £ 7 s /U x icit^ s t KttiBffc #&#T* £ 

fc&ffir<B*A#&g H 3%7L <b ftT ^ 3 o 
[0 0 0 8] 
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[0 0 0 9] 

mm z m&-t & t~ #> <d 
mm) 

[0 0 10] 

bmBm±izmj&ztifr¥- burnt, ^itt^sit^Mtts. 

[0 0 1 1 ] 

zzx% *mB<DM£v^mmmM£ ui^ctww^s. 

[0 0 12] 

(1) ^f-bmmit. fa&mcD^mtfittwx'&zzt. 

(2) ?-hmMlt. ^iS©Ce0 2 T'feSril 0 

[0013] 

(3) >f- bmmmit. mm^ce o 2 , p r o 2 , c a o 2 , t b o 2 , P 

rOg, Dy 2 0 3 , Er 2 Og , E u 2 Og , G d 2 Og , H o 2 Og , In 
2 Og, L a 2 Og , LugOg, NdgOg, Pr 2 Og, S m 2 Og , T b 
2 Og , T I 2 Og , Tm 2 Og , Y 2 Og , Y b 2 Og <Dji>mfr$>£ZL£ a 
[0 0 14] 

(4) AyyrMl*. mffigkOS i G et'W3t 

(5) SO I g;|K<7)±lC^2 4%TV^3i: 0 

(6) A>y77l^e)y-Mtit'^t©I$:, IWJ-^-Y > Ap*jT*:ntf# 3? 

[0 0 15] 
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sti^^nc eo 2 ©$i ntf- bmmmt, m 1 ©y- bmmm±izm^ 
^ B ceo 2 <Dm2(D?- hmmmn. z<Dm2(D^-hmmm±izm^nr^ 

[0 0 16] 

(ftMB) 

[0 0 17] 

33T% &^«fcb£:S i (D±IZC e 0 2 £xtf ^^i/YMSbfci^©i 
£ (R.A.McKee et al., Science 293,468(2001), J&V^i Y.Nishikawa et al., 
Ext. abstracts, SSDM 2001, 174) ) T*&> §f*W 1 0 Srff tC®^SJlfi*®^ 
Mf&X* %Z>Z.h t>m otfe'J, «©lMi:^TEOT (Equivalent Oxide 
Thickness) # H D e> fcf , 5 |&J^±<3D U - ^ffi^J^ rTIBT?** ^ il^o T 
So te^llftJ L £ S i G e±(Z)M^S i S i fC^[ o 55 *J M###;t 

[0 0 18] 

f£3 *l£ 3 t iZ J: o Tffiff S O I *U <S?B3t«^ft JC fc^^feS 
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[0019] 
[0 0 2 0] 

(m i ommBM) 

[0 0 2 1 ] 

#M^©S i»^l 1±IC&, /t-y7 7li:lt*M©S i Gejfl 2 tfft 
»3*lTV^. »^©^Ml±, ilS, CVD (chemical vapor deposition) , 
MBE (molecular beam epitaxy) ~?U M 7. & ifK J; y & = $Ix.&SiG 

ef$:CVDT«tSi^}t S i©M^Xi:Ge©iSi^i:5:> #JxJ£ 
5 5 0°C{C^bfeS iJfrRl UCiAbt, #!;U*5 0 nmjf^OS i G e 
M 1 ZZmfc-tZ, Z\<D£g, S i G e jf 1 2tf)^M![tf>G e UMlftfC 
« 5 %J£LL 6 0 %7MiT*& 'J, 2 0 %J^_b 5 0 h \>\ 
[0 0 2 2] 

SiGe|121t WimtplZfe&ZmAirZ&E LTT*fe<Z)S i^l 1 
&^5£j&MK:J:£M<fr£IIfai±L#), S£3£IICD^®MT'teiSIftJS i G e 

[0 0 2 3] 

^y-^tJit^MaiS^ (T.Tezuka et al.,IEDM Tech. Dig. ,946(2001 

)) iz£^zm&mmtfimm2nfr s i Gejfi 2 &s iiti i±ic^ut 

:fe;J:V^ ^-©MJfL SiGell2!l *ftm<D S^JT'^S S i *;i/jf 
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■fr^-ett, ^ftM^jgjfOLfc S iGeil 2 &JgfifcLfc£*N£«$: S i gfa 1 1 

£#*s«:*irr*rfc-e, ^fns i Geii 2 £t* 

[0 0 2 4] 

t&^jKjfDUfcS iGeil 2±lCl*> MOS FETOft £ &<5J?cS 2 

0 nm©#iga©S ill 3AMStlt^5. Z.<Dh%, SiGetSitO 
ft^JtaM^feftiC S ill 3lC3(o^JS##^;t£*l3o lit', SiG 
ef/Sif0#iiiT'O^IS[itt, |Ad|>0. 0 1 %J^±T?ftti« J: < , 
$f{C|Ad |<0. 0 2%~4%0>«gffl#S*L^. 
[0 0 2 5] 

5fo^yM###*e>*lfcM#S ill 3±(Cli, mt$ 3 nm®l|U£J|<Z)i|ftj|l 
if 14, mX\Zft*Ux.^**t/-m (MBES) fcffiV^tiftt'JfA (Ce 
0 2 ) mi)mi&Ztir^2>o lOCe 0 2 fill 4±(Cte, >f-Hii:bt©/K 
'J S ill 5 #2 0 0 nm©J£3JC7§£f&2;ftTV*& 0 Ce0 2 114li 

sii«±, #tcsi (111) ®±tcxtr*^s/^;b^* , rsj«;T«)S. 

, t^H^y- N»e^l 4 £ S i S«±T*xif^^i/^;i/^-ts«e 

»ttT?**ltf, Ce0 2 KKHRfeanr, £*lJW*©#±£lfKfc^ flWPr 

[0 0 2 6] 

Ce0 2 K£ft*3ft*#±»»fcftfc/Bv*S£i:T», «fi»IK©S§«J|s 
ilfiftlJI (teff) #1. 0 n mglOi* t Mfg^ h 5 > ^ & 
[0 0 2 7] 

j&Wu ffi8B*£ll*&fftffi 4o#t>yjcT j e;b7T^s iMtm (sio 2 ) ie 

^fR$tlTV^SiilT-*>S. ZLZLXu Si0 2 116©JtitTO3. 8 il 
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/h£<. Iff© 1 0 0 nm; - K©*Kfe^Ttt, Mitmm& 1 n m^- # £ 
[0 0 2 8] 

^©IMBtf; ic# e> ^- h ic «t s y - * «tt<z> ft ft SiAsrt^ 

S#»«OlfiI±i:ffl«ot, Kfa»f^*«^iB'efiitt©itVMHO S F E T fc^B 
[0 0 2 9] 

cm 2 (Dmmmm) 

[0 0 3 0] 

btfM^S i^L<(iS i Ge &J§v*fc;ifcic«&s 0 Jmgft©^- MMIJKIg 

1 4±izj&mznz>f- hmmi 1 1 Lxm^^s i zm^zm^. v^y (s 

i H 4 ) ^Vi/^y (S i 2 H 6 ) , VVUWZy (S i H 2 C 1 2 ) 
iti/'yy (SiCl 4 ) UTM^fcCD V&^, 

MBE^t'^^LT, feJ:-€-4 0 OICA^ 1 0 0 on©M««5H©cf»"e, & 
mmz. 5 0 0°C~7 0 0^ £®MT*7£f&ir 3^ £ d(©jea^©BRtC 

[0 0 3 1 ] 

V- Mil 7 tttMiS i Ge Zm^ZWr&lZit. CVD^ttt 
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&ffi^*UicfcV> 0 y-Mil 7^S iGe®^, tf- hmBm 1 4 £: LT© 
Ce0 2 ICJ; U*£&§lo§iUm^£#;i5r £&C&£cDT% fl*^©|nl±^ 

[0 0 3 2] 

Mx.tfD >&4 X 1 0 15 cm%U m%m^T&£^5 0 0°C~1 1 0 0 °C 

mm<Dumx% nMi$icte9 5 or, i^pj i rmm<^mmitr-~)i^m-tsm 

[0 0 3 3] 

3©<fce> JC#HI&7£lUC<i;4-Uf, MOS F E T(D*V *;i/Jg£&£S<fr S i jf 
1 3±fC^i-^>y- hlfiill 4 £ ITW B ©C e 0 2 Zm^frZiUZMZ. 
, ^-hiil7i:LT^fflSiXttSiGe5:fflv\fc^t{:J;U, Hi© 

$ 1 7 *7?©^T©MS:RI— ^^>A«rtTfXt: ^ ^ri/^M^f^Iil^t'tS 
[0 0 3 4] 

04 ^H^^)^3©||«StC^^^#^»©^^§:^-rm®llI 
[0 0 3 5] 

*^^^5 , c{cmWbfe^2©^Jg^ffi^M^'5^^ Siiii USi 
G e JH 1 2 £.<Dmizm.tb&frmMm 18tLTSi0 2 IglSr^f&Lfer £{C&£ 
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(cvd) , ^^atcfcs^x-/ hmit&£<Dmi%m^bnzi5&T*Mf&x-g 

[0 0 3 6] 

04tit sio 2 R%«ii:ife^ mmmt.Lx<Dmm^mt=.-tunx^n 

Ml 8©±i:ft^;i/tlt0S ill 3 lcM<fr£IW-r£* h I/yt-I, BP 
•&H4T?ttS iGell 2 #JgJ*T*g £ Zl £ tot, S ilfl 1 fcfc, 

[0 0 3 7] 
[0 0 3 8] 

[0 0 3 9] 

^ufe*<0T?»-6. BP-b, «3®£te^ffi£H$ic. s i 1 1 ±izmmm 1 

8i:UtSi0 2 R^aStl, ^0±fC«£JI<Z>S^fDS i Gejfl 2, # 
^©I*Sill3, TOfflCe0 2 I*^*5^-h«5iI14, 3M£H 
CDS i GeI^f,^S^- Mil 7*«^fiJtan, hiil 7 £4*- hftgft 
1^1 4tty->#3gtCjDXStlTVN5 0 l^Sill ZM>f- hill 7<Z>± 
i:ttl»!2 l jMBfltSfu Z<ommm2 lizny*? h*-;t/#7£j&£;fi 
tv^o fit, *BMt2 i_hlc, v-*, FU>f>W- Mc-eti^ti&H 



1 0 
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[0 0 4 0] 

[0 0 4 1 ] 

(HI 5 ©HM^) 

[0 0 4 2] 

S illl l±(C,^Jfl 8 tLXS i 0 2 J^Tb^^^ti, -£tf)± 
(Ci^H^S iGel (IglCD^- MM) 3 7, f»Ce0 2 Jf (f£ 1 © 
^-hftfeliBI) 3 4, #M a H H ffl*SiI13M$tlT^5. ^T*, SiG 
e!3 7 liH 1 <£>-!f — hMMt l/T#lb C e 0 2 I3 4(^l©^-hii 
mt LXMM-tZ&OX'&Z, L/T, Sill3±ic, ^3©^56^®ii|il^ 
JC, #8I(5Ce0 2 A^J&S^f-hiil (S2©^-Mm^M) 14, f|g 
|fflSiGeI^?)45^-hii (^2©y-Ml) 1 7^0^$tl, 4*- 

bnmi 7 i:^- h^Mi 4 \*>f- hmmzmxtsnx^z. susi 

B2 2#7£j&£*lTV^ 0 
[0 0 4 3] 

[0 0 4 4] 

11 £tiiiE#2 0 0 3 - 3 0 2 3 4 6 1 



#2002-220031 
£:&oTVN£fc#>, Sill 3 *%:®M-tZ>*V U TtoMm* «fc UW^tCff e> 
[0 0 4 5] 

, ftf 7 7lt IT S i G e &«V>fe*«, iCDftfr »J JCli, B, As 

, P, Si, C, Ge, Ga, In, A 1 3£V%&-£*1 £ ©I^It'^S tlSjl 
fcMV*S3£% BftBTftS. JlfttfJtCte, S i C, SiGeC, G a A s , In 
P, I nGa A 1 Pfc£&jgv*S ~ fc#«rfgT*&<5. 
[0 0 4 6] 

*feHJ6^J!8T?tt, #<§fi©^~HieJWIIi:UTCe0 2 zm^tctf. z<Dtt 
fcyjC, MS»ii:CaF 2 i5|§|lGe, Li, N, Si, Ti 
, U<D^-?tlfr 1 7C^$:-g-t?^b#>> Am, Ce, Cm, K, Li, Na, Np 
, Pa, Po, Pu, Rb, Tb, Th, U, Zr, O © \,\*f tifr 1 jc^ &-£tf 
WLitm. C-#±^?t (C-rare earth structure) ^IbBe, N , Ca, Cd 
, Mg, U, Z ntfH^tl^ 1 TGSR&^tfgftft. Dy, Er, Eu, Gd, H 
o, In, La, Lu, jS-MnNd, Pr, Sc, S m, Tb, Tl, Tm, 
YC^fftfr lTU^Sr-^tf^fc^ /Hn^D7M^lNa, Ca, Nb, 
F, La, Ba, Sr, 0<Z)^1**l# 1 TGiSt*:"^;** <y-ft<», Ca, Sb 
, Ta, Nb, Cd, Dy, Ru, Ti, Er, Sn, Gd, Ho, La, Zr 
, Hf, Pr, Sc, Sm, Tb, Tc, Tm, Y, Yb, C e CD tlfr 1 ^ 
&&-&tf«Hfcft, CaW0 4 fJI (scheelite) Sr^LCs, Cr, K, F, O 
0^1**1** 1 jKm*.^ti>\U>f>ikm> Ag, I, Re, Ba, Mo, W, B i 
, As, Ca, W, Cd, Ge, Hf, H, Re, Ru, N, H, Na, Tc, 
Pb, Rb, Sr, Th, Tl, U, Y, Nb, 0<D ^-ftlfr 1 jtm^timit 
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K, Bi, Mo, W, Li, La, Na, Ce, B, Ti, Er, Eu, H 
o, Gd, Lu, Nd, Sm, Pr, Tb, Tm, Y, 0©V^1**l** 1 7G3j*&"£ 

[0 0 4 7] 

Zti^CDo %X*l$<ftlZ. Ce0 2 , Pr0 2 , C a Og , T b Og , Pr0 2 

, Dy 2 Oj , E r 2 Og , E u 2 Og , Gdg Og , H o 2 Og , I n 2 Og 

, L a 2 Og , Lu 2 Og , NdgOg, P r 2 Og , Sm 2 Og , Tb 2 Og 

, T I g Og , Tlll 2 Og , Og , Y bg Og tfMt L^o 

[0 0 4 8] 

UTCS i G e Jff£>JP£ £ LT«3 0-5 0 0 n m©«gHT?3i& , r*ltf «fc ^. 

iIillT0CeO 2 iOil^ilttttO. 5~10nm®ffiffl, 4*- h**i: 
LT&5 0 nm~2 /t m©ffiH"ea^i*tl« J: V>„ 
[0 0 4 9] 

So 

[0 0 5 0] 
[0 0 5 1] 

mo s f e T<D-mt&Mit(D*v zt'&z?- * aw 

#»U SO I jbT^-l4|gT*{£M^«* h^S?** Sr^-rSifc^BTIBJC^ 
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mi] 

[02] 

»mo s f e Tmmcommm^m-tmmmo 

[03] 
[04] 
[05] 
[06] 

[«F*©»UJ|] 

n-sili 

1 i Gejg (;^7rl) 

i3-I»SiM 

14, 3 4-Ce0 2 I(/f-hiiI) 
1 5 .«jKU5 il (y- 

1 6-SiO z JR ($*-M»IMJI) 
17, 3 7-J|tfgfiS iXteS IGeJK 
18-Si0 2 I («a&&#8&»®) 

2 1 -JgimiftlJt 

2 2 -T;i/^ -^AgHIS 

2 3 -m^mmmm 

2 4 -3R^Ht«S»JK 
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12 14 17 



[06] 



22 21 



17 14 




37 34 
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mm] 

SI l±£?gfifc£*ifc#*SJlS i Gefre>&SAy7yJIl 2 Z<DAy77 
Ml 2±£7gj*3*u R^7rll 2 ttt^^^S2*S i « 1 3 h 
, 3®i*SiIi3±{:^$*i, ill 3 £fim?£&#JI&&¥l$A 

c e o 2 frbt£&>f- vmmmi 4 r©^- mmukki 4±{c^$*i^# 

j££S i G e Mil 7 i: 

rafter] 03 
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1 . MM^-ft H 2 0 0 1^ 1ft 20 
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